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ARTICLE INFO ABSTRACT
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1. Introduction Two dihydro pyrone rings are fused to styryl skdleta

. ) o obolactonel was isolated from the fruits and the trunk bark of

6-Substituted-5,6-dihydro-2H-pyran-2-ones  are $igant  cryntocarya obovatén the Hanoi,Viethnam by Guéritte and co-
structural subunits in many biologically potenturat products.  yorkers® Obolactonel shows a significant activity in vitro

The 5,6_—dihydroq—pyrone L_mits are widely spread in all parts of cytotoxic assays against the human nasopharynggaieil line
plants like Lamiaceae, Piperaceae, Lauraceae, ambn@ceae i an IG, values of 3uM.®> The 2R, 6R configuration of

families including leaves, stems, flowers, and _ﬁbiNatu_raI obolactonel was assigned by X-ray crystallographic analysis and
products containing these subunits are recognipedafwide  coton effect in CD curvé.Due to its promising biological
variety ‘gib biological - activities, Slzjfh as insectowth ety and skeletal structure, draws the attentibchemists to
inhibition,”” antimicrobial;” antifungal;” and potentin vitro synthesize. Up until now, there were four synthesgeaned in
activity against a broad range of cancer tdlhe styryla-pyron ne Jiteraturé’® In continuation of our research for the synthesis
skeleton of obolactonel is closely related to those of ot nhew bioactive moleculd® herein we wish to report
cryptofolione, cryptocaryalactone and fostriedtiglire 1). Most  gnantioselective synthesis of obolactdnd@he Structure-activity

of these styryla-pyrone containing natural products showed g|ationship of obolactong is under exploration and the results
cytotoxicity against human tumour cefls. will be reported elsewhere in due course.

Q In 2006, She and co-workers reported the first asgtrin
OH OH 0 total synthesis of obolactong, ring-closing metathesis and
Ph N X asymmetric allylation as the key steps of their rapptf. In
Sabithaet al, Prins cyclization and ring-closing metathesis as
strategic approachand the following synthesis from Krishea

o al. in 2010, Brgnsted acid mediated cyclization andck
HO allylation as their central approatiRecently, desymmetrization
OH O 7Y OH OH o] ' L C o
. : L \ via Wacker oxidation was the significant approactBoyckner:
Ph O 7N Here the salient features of our synthetic stratéggiude:
(+)-(6R 2'S)-Cryptocaryalactone Fostriecin Mukaiyama Aldol using 1,3-bis(trimethylsiloxy)diede(Chan’s

diene), chiral thiazolidinethione mediated modifiedans’ Aldol
reaction which is finest technique to introduce extgenic 1, 3
dihydroxy centers in the chain elongation routeages of our

Figure 1: Obolactondl and some natural products containing 5,6-
dihydro-a-pyrone.

" Corresponding author. Tel.: +15129981537; fax: 49127193275; e-mail: navirayala@gmail.com.
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modified chopping method of the chiral auxiliarydadt 3
using magnesium iodide,1,3synreduction of-hydroxy#-keto
esterll with Zn(BH,), and introducingZ-olefin in a-pyrone by
Andos' diaryl phosphonate. Introduction of doubledAickaction
makes the synthetic strategy highly stereoselecive reduces
the number of steps.
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Scheme 1Retrosynthetic strategy of obolactdhe

The retrosynthetic pathway of obolactofieis depicted in
Scheme 1 we envisioned that obolacton& could be
accomplished via sequential operation of seleatigprotection
of acetonide, oxidation of two 1,3-anti alcoholslid3 diketones
and direct lactonization of thg-olefin 2. Z-olefin 2 could be
readily obtained from Evans' Aldol add&:tAldol adduct3 was
envisaged as being accessible from Chan’'s didneby
Mukaiyama asymmetric Aldol onto the commerciallyaigable
trans-cinnamaldehydé.
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2. Results and Discussion
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Scheme 2 Synthesis of intermediate esieX

Synthesis of obolactoriecommenced with the transformation
of Chan’s diene4 into aldehyde8 according to our earlier
published protoca?® To introduce 2R, 6R stereocentre in

obolactonel, herein we executed Crimmins' modified Evans

Aldol reaction with aldehydeB. Chiral auxiliaries facilitated
asymmetric Aldol reaction is considered to be orfetle
significant methods for asymmetric C-C bond formatiand

chain elongatiori’® Most applied type of auxiliaries are the class

of chiral oxazolidinones, initially developed iretEvans group’
and further modified by other groups. These chiral
oxazolidinones has been most effective in the ssslective
construction of numerous chiral building blocks, wasll as
antibiotics, natural products, and bioactive compmﬂ6
Modified Evans' chiral auxiliaries like chiral tlzi@lidinethiones
are become prevalent tools for the modern orgagithssis
attributed to their efficient stereoselective tfanmations'’ This
Crimmins modified imides have been developed toilkgh

different complimentary diastereoselectivity congghrto the
previous ones. Diastereoselective asymmetric acefdtl
reaction of a chlorotitanium enolate of #-(-acetyl-4-
benzylthiazolidine-2-thion&' " with aldehyde8 to introduce the
desired stereogenic center at C2’, yieldiBgas the major
diastereomerdr-9:1) (Scheme 2. The subsequent treatment of
Aldol adduct3 with the methyl potassium malondt@ and Mgh

in the presence of imidazole resulted frketo-ester11.'
Diastereoselective reduction oéfhydroxy-keto esterll with
Zn(BH,),'* ** at -30°C afforded the desiredyn1,3-diol 12 in
84% yield 6yn:anti 10:1)’° We be obliged to select the
protecting group such a way that it would reducertheber of
steps in the synthesis and should be intact duhiegacetonide
deprotection at C6’C4’. Here our choice of protegtgroup was
MOM protection. Thus, the resultant two secondaryroyd
groups insynl1,3-diol 12 were protected with methoxymethyl
chloride (MOMCI) to obtain MOM ethet3 in 89% yield under
an extended reaction condition.

~o Mo ~o o
e T T ) DBALH, THF, 0°C, 10 |~ T T
OO 0o o O O i) IBX, EtOAc, 00 0 0 o©
NG : : P reflux, 2 h N - R |
°© 79%
13 14
~o o OEt
(Cresol),P(O)CH,COOEt (15), J( U CSA (5 mol%),
NaH, THF, -78°C, 30 min H H H MeOH, 30 min, 0 °C
= Ay _n 3
ZE=11:1,81% 86%
Ando's Z-olefination 2

PTSA (10mol%), MeOH,
50°C,4 h

74%

Obolactone 1

Scheme 3Completion of synthesis of obolactohe

The estel3 was reduced to alcohol by DIBAL-H in THF at O
°C, the subsequent oxidation of which using orthaeicybenzoic
acid (IBX) in EtOAc reflux provided the correspondialgehyde
14 in 79% vyield. Precursor, (Cresg?(O)CHCOOEt 15 was
obtained through standard method of preparatiomymed by
Ando which allowed access to the&)-plefins with high
stereoselectivity’ Andos' modified Horner—Wadsworth—
Emmons (HWE) olefination of aldehydd4 using diaryl
phosphonate, (CresgP(O)CHCOOEt 15 provided a a,f
unsaturated esteét favoring the desire@-isomer in 81% vyield
(ZE ratio-11:1) Scheme 3 The E:Z ratio of the HWE
olefination was confirmed based on coupling constdné Hz
and integration values ifH NMR. Controlled deprotection of
,acetonide in thez-olefin adduct2 using camphorsulfonic acid
(CSA) in MeOH at 0 °C was proceeded efficiently tooedf diol
16in quantitative yield. Obtained 1,3 dibb was oxidised to the
corresponding 1, 3 diketori& using IBX in EtOAc at 85 °C for
6 h. Finally, the treatment of 1,3 diketod& with PTSA in
MeOH afforded obolactong in 74% yield® In this asymmetric
acetate Aldol synthetic strategy, obolactdngvas successfully
accomplished in 10 steps from aldehgdéH and**C NMR data
of obolactonel was completely agreed with the literature data.

3. Conclusion

In conclusion, we have completed the stereoselective
synthesis of obolactonk in a concise approach and the overall
yield of this synthetic strategy is about 9.9% from



commercially available transcinnamaldehyde 5. The
significance of our synthetic sequence lies in aypg a
Mukaiyama Aldol addition using Chan’s diene, builgliof the
desired stereocentre C2’
thiazolidinethione auxiliary, diastereoselectiv8-dyn reduction
of J-hydroxyf-keto ester with Zn(Blj,, a Z-olefination using
Andos' modified HWE reagent, and a tandem sequenbéOdfl
deprotection and lactonization. An upgraded mettazhopping

by a modified form of Evan

3
128.48, 127.66, 126.43, 100.69, 67.45, 61.98, 4931459,
25.29, 24.74. EI-MSm/z261[M"+H].

4.2.(9)-1-((S)-4-benzyl-2-thioxothiazolidin-3-yl)-4-((4S,6R)-
2,2-dimethyl-6-((E)-styryl)-1,3-dioxan-4-yl)-3-hydroxybutan-
1-one (3)

In a dry round bottom flask under argon atmosph@el-(4-
benzyl-2-thioxothiazolidin-3-yl)ethanor#:(1.26 g, 5 mmol) was

the Evans' Aldol auxiliary was found to be extremelydissolved in CHCI, (10 mL), then cooled to 0 °C. A solution of

advantageous, and a selective deprotection of @idetoover
MOM with CSA reduced the number of steps in this sysith

4. Experimental Section

All reactions were performed under inert atmosphéyié.
glassware apparatus used for reactions are perfeetiy/flame
dried. Anhydrous solvents were distilled prior to :UEEIF from
Na and benzophenone; gk, DMSO from CaH; MeOH from
Mg cake. Commercial reagents were used without gatiéin.
Column chromatography was carried out by usingasijel (60—
120 mesh) unless otherwise mentioned. Analytical tayer
chromatography (TLC) was run on silica gel 60 F2&qnated

TiCl, (0.66 mL, 6 mmol) in CKCl, (5 mL) was added dropwise
to the reaction mixture, and the thick suspensios stared for
20 minutes, upon which diisopropylethylamine (1.0T, n6
mmol) was added dropwise at 0 °C. The solution atiefor 20
min at same temperature, then cooled to -78 °C tandthe
reaction mixture was added freshly prepared aldeByde3 g, 5
mmol) in CHCI, (10 mL). The reaction was further stirred for 1
h, then quenched with saturated JOH and warmed to rt. The
layers were separated and the aqueous layer wasctegtra
CH,CI, (3x100 mL). The combined organic layers were dried
over anhydrous N&8Q,, filtered and concentrated under reduced
pressure. The crude product was purified by flastunco

plates (250um thickness). Mass spectral data were obtaine@hromatography on silica gel (petroleum ether—EtOAS) to

using MS (EI) ESI, HRMS mass spectrometers. Highlutien
mass spectra (HRMS) [ESI+] were obtained using eigh&@OF
or a double focusing spectrometéd NMR spectra were
recorded at 300 MHz, andC NMR spectra 75 MHz in CDgI
solution unless otherwise mentioned, chemical shifésin ppm
downfield from tetramethylsilane and coupling congtaQ) are
reported in hertz (Hz). The following abbreviatiorrs aised to
designate signal multiplicity: s = singlet, d = tat, t = triplet, g
= quartet, quin = quintet, sex = sextet, m = midtipbr = broad.

4.1.2-((4R,6R)-2,2-dimethyl-6-(([E)-styryl)-1,3-dioxan-4-
yl)acetaldehyde (8)

To a stirred solution of the ethyl 2-§6R)-2,2-dimethyl-6-
((E)-styryl)-1,3-dioxan-4-yl)acetate (2.6 g, 10 mmai) 40 mL
dry THF at 0 °C was slowly added DIBAL-H (25 mL, 25 nmmo
1 M in hexanes) over 20 min. The reaction mixture wiirred at
0 °C for 1 h, then methanol (10 mL) was added dropwiswly.
The resulting solution was poured into ag. potassgodium
tartrate solution (100 mL) and EtOAc (100 mL) andrst
vigorously for | h. The organic layer was separatedd the
aqueous layer extracted with further EtOAc (3x100 milhe
combined organic layers were dried (Mg3Ofiltered and
concentrated in vacuo. Purification by flash chrtogeaphy on
silica gel gave the corresponding alcohol as art=se oil.

Add 2-lodoxybenzoic acid (IBX) (3.78 g, 13.5 mmol) ttee
stirred solution of above alcoh(®.36 g, 9 mmol) in EtOAc (18
mL) at rt, then heat the reaction mixture to 85 th@n reflux for
2 h. After completion of reaction, quench with satedaaq.
NaHCG; (50 mL), and the mixture stirred for 20 min atThe
organic layer was extracted with ethyl acetate (3xb0, dried

provide the producB (1.98 g, 78%) as a yellow liquidR = 0.4
(petroleum ether—EtOAc, 7:3). IR (KBv).= 3424, 3027, 2992,
2940, 1754, 1650, 1492, 1448, 1381, 1260, 1199411636,
1078, 966, 876, 748, 694, 523 tmiH NMR (300 MHz, CDC))

8 7.43-7.16 (m, 10H), 6.62 (d,= 16.0 Hz, 1H), 6.19 (ddd, =
16.0, 6.2, 1.0 Hz, 1H), 5.29-5.21 (m, 1H), 4.62-4.51, (H),
4.35-4.16 (m, 1H), 3.94-3.88 (m, 1H), 3.68 Jds 11.1, 2.8 Hz,
1H), 3.43-3.32 (m, 2H), 3.23 (dd= 12.3, 4.1 Hz, 1H), 3.03 (dt,
J=10.4, 2.0 Hz, 1H), 2.84 (d,= 11.4 Hz, 1H), 2.67-2.49 (br,
1H), 1.89-1.61 (m, 4H), 1.55 (s, 3H), 1.47 (s, 3K NMR (75
MHz, CDCk) 8 201.75, 172.18, 136.45, 136.37. 130.70, 130.58,
129.50, 129.25, 128.35, 127.59, 126.35, 100.79765968.78,
64.15, 63.40, 46.38, 43.31, 37.72, 36.55, 32.142%4.21. MS
(ESI): m/z= 534 [M + NaJ. HRMS: calcd. for GHzNO,S,Na
[M + Na]*: 534.17487: found: 534.17478.

4.3.Methyl (9)-6-((4S,6R)-2,2-dimethyl-6-((E)-styryl)-1,3-
dioxan-4-yl)-5-hydroxy-3-oxohexanoate (11)

To a solution of thiazolidinethione Aldol addugt(5 mmol,
1.0 equiv) in THF (20 mL) was added methyl potassium
malonatel0 (10 mmol, 2.0 equiv) followed by Mgi(5 mmol,
1.0 equiv) under Argon. The suspension was stirred far 30
min, then imidazole (5 mmol, 1.0 equiv) was addedoire
portion, and the reaction mixture was stirred d@brt5 h. After
completion, the reaction was diluted with EtOAc (100)mL
washed with 0.5 M HCI (50 mL), and the aqueous layas w
extracted with EtOAc (3 x 50 mL). The combined orgdaiers
were then washed with 0.5 M NaHg@O0 mL). Finally, the
combined organic layers were dried over,3{@,, filtered, and
concentratedn vacuoto give a light yellow oily liquid. The
resulting crude mixture was purification by flashiaiatography

over MgSQ, rotary evaporated, and flash chromatography tqpetroleum ether—EtOAc, 3:2) to afford the pukdydroxy-
give the corresponding aldehy8¢1.85 g, 79%) as a colourless ketoesterll (1.73 g, 92%).R = 0.3 (petroleum ether—EtOAc,

oil. R= 0.6 (petroleum ether—EtOAC, 3:2). IR (KBf).= 3440,
3026, 2993, 2921, 2854, 2730, 1725, 1654, 1495113862,
1200, 1165, 1137, 1097, 968, 874, 750, 695, 523. ¢th NMR
(300 MHz, CDC}) 8 9.77 (t,J = 1.9 Hz, 1H), 7.40-7.19 (m, 5H),
6.56 (dd,J = 16.0, 1.3 Hz, 1H), 6.21 (dd,= 16.0, 6.1 Hz, 1H),
4.54 (dtd,J = 9.4, 6.3, 1.5 Hz, 1H), 4.44 (dtd~= 10.7, 5.9, 5.2,
3.0 Hz, 1H), 2.67 (ddd] = 16.7, 8.1, 2.3 Hz, 1H), 2.52 (ddiF
16.6, 4.8, 1.6 Hz, 1H), 1.98 (dddi= 12.9, 9.0, 5.9 Hz, 1H), 1.81
(ddd,J = 12.9, 9.4, 6.2 Hz, 1H), 1.45 (s, 3H), 1.42 (s, 3F0.

7:3). IR (KBI) vimax= 3478, 2992, 2923, 2854, 1745, 1715, 1652,
1438, 1381, 1324, 1262, 1200, 1163, 1093, 968, 938, 695
cm'. 'H NMR (300 MHz, CDCJ) § 7.45-7.12 (m, 5H), 6.59 (d,

= 15.9 Hz, 1H), 6.15 (ddd, = 16.0, 6.2, 4.7 Hz, 1H), 4.55 (ddd,
J=9.8, 6.6, 2.7 Hz, 1H), 4.42-4.15 (m, 2H), 3.78), 3.51 (d,

J = 7.0 Hz, 2H), 3.08 (br, 1H), 2.83-2.58 (m, 2H), 1165 (m,
4H), 1.54 (dJ = 5.3 Hz, 3H), 1.45 (s, 3H}°C NMR (75 MHz,
CDCly) & 202.23, 167.35, 136.45, 130.70, 129.50, 128.35,
127.59, 126.35, 100.29, 69.91, 65.89, 64.15, 52980, 49.49,

NMR (75 MHz, CDC & 199.79, 136.54, 130.48, 129.35, 42.15, 36.88, 25.22, 24.63. MS (ESty/z= 399 [M + Nal.
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HRMS: calcd. for GH,s0sNa [M + NaJ: 399.17781: found:
399.17671.

4.4.Methyl (3S,5R)-6-((4S,6R)-2,2-dimethyl-6-(E)-styryl)-
1,3-dioxan-4-yl)-3,5-dihydroxyhexanoate (12)

A freshly prepared solution of Zn(BH in ether (~1M, 5 mL)
was added to a solution ofhydroxyf-ketoesterll (1.5 g, 4
mmol) in ether (20 mL) at -30 °C and the reactiomtore was
stirred for 1 h at this temperature. The reductiwes almost
completed within 10 min. The reaction was quenchedthey
successive addition of water (10 mL) and aqueoud BICI (20
mL), and the mixture was extracted with ether (3x&@Q. The

Tetrahedron

concentrated in vacuo. The crude extract was pdrifiy flash
column chromatography (petroleum ether—EtOAc, 1:1pite
corresponding alcohol as a thick liquigk = 0.3 (petroleum
ether—EtOAc, 1:1). Add IBX (767 mg, 1.74 mmol) to tiered
solution of above alcohol (180 mg, 0.40 mmol) irOBt (10
mL) at rt, then heat the reaction mixture at 85ré@ux for 2 h
and check TLC for the completion of reaction. Aftempletion
of reaction, quench with saturated aqueous NapH@®mL) and
the mixture stirred for another 30 min. The orgalsiger was
extracted with ethyl acetate (3x75 mL), dried ovegS®, and
rotary evaporated to give aldehydd (689 mg, 79%) as a
colourless oil. R= 0.5 (petroleum ether—-EtOAc, 3:2). This

combined ether layers was washed with saturated agueo@l!dehyde used for further reaction without purificat

NaHCQ; (50 mL) solution and brine, then dried over MgS@Dd
concentrated. The crude product was purified byroatography
on silica gel (petroleum ether—EtOAc, 1:1) to obt®mn1,3-diol
12 (1.27 g, 84%) withdr-10:1.R = 0.3 (petroleum ether—EtOAc,
3:2). IR (KBr) vpax= 3449, 2925, 2859, 1732, 1641, 1436, 1381
1263, 1201, 1164, 1090, 927, 935, 877, 750, 692,&a". 'H
NMR (300 MHz, CDCJ) § 7.42-7.17 (m, 5H), 6.57 (d,= 16.0
Hz, 1H), 6.23 (dt) = 16.0, 5.7 Hz, 1H), 4.63-4.46 (m, 1H), 4.42-
4.16 (m, 2H), 3.88-4.04 (m, 1H), 3.71 (s, 3H), 3.3643(br, 1H),
2.74-2.47 (m, 2H), 1.73-1.50 (m, 7H), 1.50-1.31 (hi).5"°C
NMR (75 MHz, CDC}) & 172.61, 136.47, 130.89, 129.32,
128.46, 127.70, 126.47, 100.74, 71.40, 69.94, 686&344,
51.68, 43.13, 42.75, 41.59, 37.12, 25.49, 24.83.(E&): m/z=
401 [M + Na]. HRMS: calcd. for GH;OsNa [M + NaJ:
401.1935: found: 401.1925.

4.5.Methyl (3S,5R)-6-((4S,6R)-2,2-dimethyl-6-(E)-styryl)-
1,3-dioxan-4-yl)-3,5-bis(methoxymethoxy)hexanoaté )

To a solution ofl2 (1.13 g, 3 mmol) in dry CKCl, (6 mL)

were added-Pr,NEt (3.16 mL, 18 mmol) and methoxymethyl
chloride (MOMCI, 0.905 mL, 12 mmol) at 0 °C. The ctan
mixture was stirred at room temperature for 16 hernTlhe
reaction was quenched with sat. aqueous@Hand the whole
was extracted with EtOAc (3x75 mL). The organic layers wa
washed with brine, dried over Mg@Qiltered, and concentrated.
The residue was purified by column chromatographegreum
ether—EtOAc, 7:3) to giv&3 (1.25 g, 89%) as a thick liquitk =
0.3 (petroleum ether—EtOAc, 7:3). IR (KBr)a= 2991, 2946,
2853, 1739, 1600, 1440, 1379, 1200, 1151, 11005,19%89, 918,
748, 695, 522 cih 'H NMR (300 MHz, CDCJ) § 7.44-7.16 (m,
5H), 6.60 (d,J = 16.0 Hz, 1H), 6.16 (dd] = 16.0, 6.1 Hz, 1H),
4.72-4.60 (m, 4H), 4.59-4.46 (m, 1H), 4.23-4.04 (H),23.95-
3.81 (m, 1H), 3.69 (d] = 1.2 Hz, 3H), 3.41 (s, 3H), 3.36 (s, 3H),
2.72-2.45 (m, 2H), 2.03-1.82 (m, 2H), 1.79-1.56 (#),4..51 (d,
J = 3.4 Hz, 3H), 1.44 (s, 3H}3C NMR (75 MHz, CDC)) &
171.69, 136.58, 130.64, 129.76, 128.41, 127.58,4426.00.36,
96.35, 95.87, 72.27, 71.70, 70.10, 67.67, 55.77615551.52,
40.85, 40.11, 39.46, 38.22, 25.86, 24.94. MS (E8lrx= 489
[M + NaJ". HRMS: calcd. for GH3s0sNa [M + NaJ: 489.2458:
found: 489.2444.

4.6.Ethyl (5R,7R,Z)-8-((4S,6R)-2,2-dimethyl-6-((E)-styryl)-
1,3-dioxan-4-yl)-5,7-bis(methoxymethoxy)oct-2-enoat(2)

To a stirred solution of the este8 (932 mg, 2 mmol) in dry
THF (10 mL) at 0 °C was slowly added DIBAL-H (5 mL, 5
mmol; 1 M in hexanes) over 20 min. The reaction tomx was
stirred at 0 °C for 1 h, then MeOH (10 mL) was addexpdise
slowly. The resulting solution was poured into aqeesadium
potassium tartrate solution (15 mL) and EtOAc (50 nalod
stirred vigorously for | h. The organic layer wapa®ted and the
aqueous layer extracted with further EtOAc (3x75 milhe
combined organic layers were dried (MgyOfiltered and

To a stirred suspension of NaH (60% dispersion ih @8
mg, 1.2 mmol) in dry THF (5 mL) was added a solutimhn
(Cresol}P(O)CHCOOEt phosphonatts (417 mg, 1.2 mmol) in
dry THF (2.5 mL) at -78 °C under argon, and thectiea
'mixture was stirred for 30 min at the same tempeeatThen a
solution of the aldehyd&4 (436 mg, 1.0 mmol) in THF (2.5 mL)
was added dropwise, and the reaction mixture wagdtat —78
°C for about 30 min. After completion of reactiompbght the
reaction mixture to —35 °C and quenched with agq. amom
chloride. The reaction mixture was extracted with,Chl(3x50
mL), and the organic layer was washed with brine,ddoger
MgSQ,, filtered, and concentrated. The crude residue was
purified by column chromatography (petroleum etEt®AC,
7:3) to give ¥)-a,f-unsaturated est& (409 g, 81%) as a thick
liquid. R = 0.3 (petroleum ether—EtOAc, 4:1). IR (KBf)ax =
2926, 2856, 1727, 1647, 1456, 1377, 1278, 11706,11036,
953, 758, 700, 514 cf'H NMR (300 MHz, CDCJ) § 7.41-7.21
(m, 5H), 6.59 (dtJ) = 16.6, 1.3 Hz, 1H), 6.34 (dtl,= 10.3, 6.8,
3.3 Hz, 1H), 6.17 (ddd] = 16.0, 6.3, 1.6 Hz, 1H), 5.88 (dt=
10.3, 1.8 Hz, 1H), 4.73-4.63 (m, 4H), 4.57-4.50 (H),14.32-
4.06 (m, 4H), 3.94-3.79 (m, 1H), 3.39 (s, 3H), 3.863H), 3.07-
2.83 (m, 2H), 1.96-1.84 (m, 2H), 1.73-1.55 (m, 4H}11(d,J =
3.5 Hz, 3H), 1.46-1.42 (m, 3H), 1.30-1.22 (m, 38& NMR (75
MHz, CDCkL) 6 166.12, 145.47, 136.56, 131.38, 129.76, 128.
126.39, 125.26, 121.41, 100.33, 95.85, 95.34, 738491,
70.08, 65.44, 61.88, 55.62, 55.58, 42.19, 39.312(B733.66,
25.38, 24.77, 14.17. MS (ESIn/z= 529 [M + Na]. HRMS:
calcd. for GgH,,0sNa [M + NaJ: 529.27719: found: 529.27542.

4.7.Ethyl (2Z,5R,7S,9R,11R,12E)-9,11-dihydroxy-5,7-
bis(methoxymethoxy)-13-phenyltrideca-2,12-dienoatél6)

37,

CSA (4 mg, 5 mol%) was added to a solution Bf-¢,5-
unsaturated este& (151 mg, 0.30 mmol) in MeOH (3 mL) and
the mixture was stirred at 0 °C for 30 min. Aftemyaetion of
reaction, extracted with ether (2x50 mL). The etketract was
washed with saturated ag. NaHC$»lution, and NaCl solution,
then dried over MgS© and concentrated. The residue was
purified by flash chromatography on silica gel (pktum ether—
EtOAc, 1:1) to afford dioll6 (120 mg, 86%) as a thick liqui
= 0.3 (petroleum ether—EtOAc, 1:1). IR (KBf),x= 3446, 2925,
2856, 1723, 1634, 1454, 1278, 1035, 762, 502.ciH NMR
(300 MHz, CDC}) 8 7.41-7.18 (m, 5H), 6.61 (dl = 15.9 Hz,
1H), 6.31 (dtdJ = 11.5, 7.3, 2.0 Hz, 1H), 6.21 (ddi= 15.9, 6.3
Hz, 1H), 5.88 (dq,J = 11.5, 1.9 Hz, 1H), 4.67 (ddf, = 13.8,
12.4, 5.6 Hz, 4H), 4.56 (d,= 4.6, 3.9 Hz, 1H), 4.16 (d,= 7.1
Hz, 2H), 4.10-3.88 (m, 2H), 3.86-3.73 (m, 1H), 3.38J¢; 1.1
Hz, 3H), 3.36 (s, 3H), 3.03-2.81 (m, 2H), 1.97-1.84 (i),
1.82-1.54 (m, 4H), 1.32-1.23 (m, 4H)C NMR (75 MHz,
CDCl;) & 166.28, 145.20, 136.75, 131.93, 129.49, 128.41,
127.40, 126.34, 121.66, 95.30, 95.15, 73.66, 7270189, 68.47,
59.95, 55.79, 55.68, 43.70, 42.34, 39.54, 33.52L4.MS (ESI):



m/z= 489 [M + Na]. HRMS: calcd. for GHzs0sNa [M + NaJ':
489.2458 : found: 489.2445.

4.8.Ethyl (2Z,5R,7R,12E)-5,7-bis(methoxymethoxy)-9,11-
dioxo-13-phenyltrideca-2,12-dienoate (17)

Add IBX (560 mg, 2 mmol, 5 equiv.) to the stirredwmn of
diol 16 (187 mg, 0.40 mmol, 1 equiv.) in ethyl acetate (5 mt
rt, then heat the reaction mixture at 85 °C reffax 6 h and
check TLC for the completion of reaction. Aftemgoletion of
reaction, quench with saturated aqueous NaH(®0 mL), and
the mixture stirred for 20 min. The organic layerswextracted
with EtOAc (3x75 mL), dried over MgSOand rotary
evaporated. The residue was purified by flash chtography on
silica gel (petroleum ether—EtOAc, 3:2) to give tloeresponding
diketonel7 (152 mg, 82%) as a colourless thick liquiRi=0.3
(petroleum ether—-EtOAc, 7:3)p*° = -42 € = 0.5, CHC)). IR
(KBr) vmax = 2923, 2852, 1716, 1638, 1586, 1445, 1379, 1217,
1149, 1098, 1031, 917, 771, 696 tnH NMR (300 MHz,
CDCls) 4 7.66-7.47 (m, 3H), 7.45-7.31 (m, 3H), 6.481¢ 15.9
Hz, 1H), 6.33 (dtJ = 11.5, 7.3 Hz, 1H), 5.89 (df,= 11.5, 1.9
Hz, 1H), 5.70 (dJ = 3.5 Hz, 1H), 4.68 (d] = 9.4 Hz, 4H), 4.19
(p,J = 7.0 Hz, 2H), 3.88 (df] = 12.2, 6.0 Hz, 1H), 3.39 (s, 3H),
3.34 (s, 3H), 3.09-2.85 (m, 2H), 2.66 (dd= 6.3, 1.8 Hz, 2H),
1.95 (dt,J = 13.8, 6.7 Hz, 1H), 1.71 (di, = 14.4, 6.1 Hz, 2H),
1.32-1.24 (m, 4H)*C NMR (75 MHz, CDCJ) § 197.81, 177.22,
166.21, 145.26, 139.94, 135.02, 129.91, 128.88,9127122.75,
121.71, 101.75, 95.87, 95.36, 73.62, 72.19, 5%981, 55.68,
45.76, 39.76, 33.52, 29.69, 14.25. MS (E®t)z= 485 [M +
Na]’. HRMS: calcd. for GH;OsNa [M + NaJ: 485.2146:
found: 485.2148.

4.9.0bolactone (1)

To a stirred solution of diketon&7 (46 mg, 0.1 mmol) in
MeOH was added PTSA (2 mg, 0.01 mmol) under an N
atmosphere. Heat the reaction mixture to°60and stir at this
temperature for 4 h. After completion of the reattiquenched
with solid NaHCQ and filtered off, the solvent was removed
under reduced pressure and the residue was pubfjetlash
column chromatography on silica gel (petroleum eH©AC,
1:1) to afford obolactong as a yellow solid (22 mg, 74%y]p*°
= +247 €= 0.1, CHCJ). IR (KBI) vpmax= 2927, 2853, 1726, 1650,
1447, 1377, 1279, 1211, 1149, 1098, 1035, 974, 930, 697
cm®. 'H NMR (300 MHz, CDCJ) § 7.59-7.49 (m, 2 H), 7.45—
7.26 (m, 4 H), 6.95-6.82 (m, 1 H), 6.53 @+ 16.0 Hz, 1 H),
6.09 (dt,J =9.7, 1.6 Hz, 1 H), 5.62 (s, 1 H), 4.85-4.64 (m, 2 H)
2.63-2.45 (m, 5 H), 2.21-1.98 (m, 1 HJC NMR (75 MHz,
CDCl) & 192.02, 167.97, 163.66, 144.64, 137.40, 134.75,
129.66, 128.64, 127.43, 121.54, 121.02, 106.2767{574.49,
41.32, 39.18, 29.27. MS (ESln/z= 311 [M + HJ. HRMS:
calcd. for GgH;40, [M + H]": 311.1278: found: 311.1275.
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